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Abstract 


The Very Low Frequency Electromagnetic Method (VLF-EM) was used in view of detecting 
fractured or weathered zones within the University of Abuja Staff Quarters, Gwagwalada, 
Federal Capital Territory. The VLF -EM data measured along seventeen profiles of 400m at 
inter profile distance of 25m and interstation separation of 10m were done using the Scintrex 
ENVI Instrument. The VLF-EM survey revealed features significant to groundwater potential 
as conductive zones 1n the Fraser Filter maps and current density pseudosections. Three distinct 
zones were delineated based on the current density distribution. The fresh basement terrain 
corresponds to the highly resistive zone with current density value less than -20. The 
intermediate zone has current density value range of -20 to 25 typical of rocks and soil 
component which are slightly resistive to slightly conductive and corresponds to the partially 
saturated units. The third zone is highly conductive with current density value greater than 30 
which includes the saturated weathered or fractured basement, fault zones, clay units and 
saturated sandy units within the study area. The north eastern, north western (profiles 1-8) and 
some parts of the southern region (profiles 16 and 17) of the study area show higher conductive 
zones than the central parts of the study area. This survey has helped in detecting sites that are 
suitable for groundwater exploration by identifying water bearing fractures and weathered 
zones in the study area. The areas with high conductivity response are areas with conductive 
overburden material such as clayey soil, saturated soil, water filled fractures and faults or 
weathered zone within the basement. 
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I. INTRODUCTION 


W ater as one of the most important substances on Earth 
is essential for continuity in the life of humans, plants 
and animals. If a particular area lacks sufficient amount of safe 
and healthy water, life becomes frustrating for every living 
thing. Water has various uses which when available impacts 
on our community positively. Insufficient supply of safe and 
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healthy water or use of contaminated water in a particular 
region can cause hardship to the public that depend on it for 
livelihood. Groundwater is the main source of quality and 
adequate water supply for domestic, agricultural and industrial 
use in most parts of the world. 

The study area is within the basement complex region of 
Nigeria which are hard rock terrains. Groundwater is trapped 
within fractured zones, faults or highly weathered basement 
found within the rocks due to tectonic activities [4]. Ground 
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water saturation and yield in any area depends on a number of 
factors which includes the topography, degree of weathering 
of the basement rocks, thickness of weathered overburden, 
degree or size of the fractures and their interconnectivity in the 
basement rocks. 


Ul. STUDY LOCATION AND GENERAL GEOLOGY 


The study area located in Gwagwalada Area Council, FCT 
Abuja, lies between latitudes 8°41' to 9°04' North and 
Longitudes 6°50' to 7°06' East (Fig. 1) [3]. Gwagwalada is a 
suburb situated along Abuja- Lokoja road. The area is 
characterized by savannah vegetation with grassland, 
woodland and shrub land. The great development experienced 
within the last decade have negatively impacted the vegetal 
cover. In the FCT, Kuje and Kwali Area councils have good 
vegetation health while Gwagwalada, Bwari, Abuja and Abaji 
have poor vegetation health conditions [20]. 

The study area is underlain by metamorphic and igneous 
rocks of the Precambrian rocks of the Nigerian basement 
complex and sedimentary rocks [14, 15, 6]. The study area is 
situated in the basement complex region of the FCT and 
groundwater is found in the weathered transition zone, 
fractures, joints and cracks of the basement with little amount 
of water in the freshly unweathered bedrock underneath the 
weathered layers [10]. The major lithologic units found are 
different textures of granites, gneiss, migmatites, diorites, 
metasediments and pegmatites [10, 9]. 
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Fig. 1. Location map of study area Imagery ©2019 Maxar 

Technologies, Imagery ©2019 CNES / Airbus, Maxar Technologies, 
Map data ©2019 

https://www.google.com/maps/@8.9885178,7.1473029,1056m/data=!3m1!1e3 


Its highest temperatures of 35 °C is experienced during the 
dry season (November to March) and in the rainy season 
(April to October) the temperature drops to 27°C. Its climate 
is tropical with an average humidity of 66.6 % [12]. 

Geophysics is of great importance and serves as a great tool 
in groundwater surveys and exploration of bedrock geometry 
[24]. It plays a major part in exploration of healthy and 
productive groundwater reserves. Boreholes and wells drilled 
without geophysical study often fail to produce sufficient and 
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healthy water [21]. Over the years, different geophysical 
methods have been employed in search of groundwater either 
singly or combined. The choice of geophysical methods used 
during a field survey depends on the scope or stretch of area 
to be surveyed, the cost of the survey, geology of the area and 
availability of software for interpretation of acquired data 
[18]. The ground conductivity of an area is a reflection of its 
physical and chemical conditions such as lithology, porosity, 
degree of water saturation and the presence or absence of 
voids within the rock [8, 13, 16]. 

Electromagnetic method is sensitive to water bearing 
fractures or weathered basement and this makes it a great tool 
in groundwater exploration. The Very Low Frequency 
Electromagnetic method is suitable to identify subsurface 
conductors. It was employed in this study as a tool to map 
areas showing high conductivity which is a good indicator of 
fractured zones, faults or weathered basement with good 
groundwater prospects. It is an inexpensive, fast and effective 
method in detecting best sites for groundwater site selection 
[2]. 

The Very Low Frequency Electromagnetic Method has 
proven to be effective in groundwater studies [22, 1, 17, 5, 19]. 
Its usefulness in groundwater exploration, investigating 
fracture zones, impact of solid waste disposal in the quality of 
groundwater, detecting the protective capacity of aquifers 
cannot be overemphasized. 

The aim of this study is to use the VLF Electromagnetic 
method to determine the subsurface aquiferous zones of the 
University of Abuja Staff Quarters, Gwagwalada, Abuja and 
to present information for the best sites to drill boreholes. 


II]. MATERIALS AND METHOD 


The Very Low Frequency Electromagnetic (VLF -EM) 
method was used for the survey. Fig. 2 shows the VLF 
profiles. The VLF method uses electromagnetic fields to 
detect objects positioned underneath the surface. Its principle 
is based on the physical phenomenon that conductive 
structures on the surface or underground, change the direction 
and strength of the field generated by remote military 
communication transmitters located around the world 
operating at VLF frequency band of 15 — 30KHz. These 
transmitted radio signals act as the primary electromagnetic 
field in the VLF survey. This primary electromagnetic signal 
penetrates the earth and a smaller secondary field is induced 
whose field and intensity depends on the conductivity of the 
ground. This is measured by the VLF receiver. 

One part of the secondary field generated oscillates ‘in- 
phase’ (real or tilt angle) and the other ‘out - of - phase’ 
(imaginary or quadrature) with respect to the primary field [7]. 
The measured imaginary component is useful in determining 
the quality of the subsurface conductor while the real part is 
useful in processing the pseudo sections showing the 
variations of relative apparent current density with depth [4]. 
Fractured zones are detected as good conductors with high 
current density values while resistive zones correspond to low 
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current density values. 
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Fig. 2. Study area showing VLF -EM profiles 


The VLF-EM method was carried out using the Scintrex 
Envi Meter in the VLF mode. This survey commenced with 
visual inspection to locate suitable points for the profiles. 
Cables, metal pipes and electrical fences can cause strong 
anomalies so profiles were taken parallel to disturbing cables 
and in areas void of their effects. Data was collected along 
seventeen VLF profiles with interstation interval of 10m and 
inter profile interval of 25 m at the site. This instrument 
measures the vertical and horizontal components of the 
secondary electromagnetic field. The real and imaginary 
components of the data were subjected to Frazer filtering and 
current density pseudo sections were produced from Karous — 
Hjelt filter. The output of the Karous Hjelt filter is relative 
current density versus surface position at a chosen depth. The 
obtained data 1s filtered using the Fraser Filtering operation 
[11]: 

Fl = (3 +4) — (gi + 2) (1) 

Where 61, 2, 63 and $4 are consecutive readings of the raw 
data. 

The VLF EM technique is effective for detecting lateral 

changes in the electrical properties of the subsurface. It is 
useful in delineating sites that are suitable for groundwater 
exploration and has proved to be successful in identifying 
deep water bearing fractures in bedrock [23]. 
Some advantages of the VLF method 1s its effectiveness for 
locating zones of high electrical conductivity even in a hard 
rock environment with surface or near surface outcrops. Data 
collection is fast, inexpensive and does not require many field 
crews. However, some limitations exist because all electrical 
conductors affect it and limited number of transmitting 
stations are available. There could also be a _ sudden 
interruption in data collection due to break in transmission by 
stations for scheduled and unscheduled maintenance. 


IV. RESULTS AND DISCUSSION 


Profile 1 has a total length of 360 m running in a NW-SE 
direction. The conductive zones are indicated by the crossing 
over of the real and quadrature component at station 100 m 
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and between 150m and 230m (Fig. 3). These zones are well 
displayed as peaks 1n the filtered real map and in the current 
density map. The inclination of the apparent current density 
and the real anomaly shows that the moderately conductive 
body at station 100m is vertically dipping. The other areas on 
the apparent current density map indicate a highly resistive 
body at depth from near surface to about 60 m from station 
150 mto 230m resulting from the dry sandy material of 
compacted dry sand and is sitting on a highly resistive 
basement. 


Profile 1 
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Fig. 3. The VLF anomaly plot (in-phase or real and the quadrature or 
imaginary component) and current density cross - section for profile 1. 
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Profile 2 is parallel to the first profile and is 25 m away. 
The cross-over of real and imaginary VLF anomaly along this 
profile indicates the presence of conductive features around 
station distance of 50m and also at 180m (Fig. 4). The 
filtered real map shows the two peaks representing the 
conductive zones respectively (Fig. 4). The apparent current 
density map indicates that the conductive zones are almost 
vertical and are of shallow depth. 

The other area around the station distance between 50 to 
100 m and 200 to 300 m, shows a body of highly resistive 
soil material occurring at depth near surface to about 60 meters 
are likely as a result of dry and compacted sandy materials, 
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reaching down to the basement. The conductivity variation within the profile. 
across this profile 1s well defined. 
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Fig. 4. The VLF anomaly plot (in-phase or real and the quadrature or 
imaginary component) and current density cross - section for profile 2 


Profile 3 has a total length of 360 m. Fig. 5 shows a highly 
conductive zone of interest between station distance 
200 to 250 m which is likely to be a fractured zone within the 
basement with water accumulation occurring at depth between 
30 m and 60 m. There are two main areas with high resistivity 
at station distance 25 m and at 300 m as seen. The apparent 
current density map shows that these two highly resistive 
zones occur from surface to a relatively shallow depth. The 
other areas within the profile are moderately conductive due 
to the mixture of sandy and clayey soil materials. 

The cross-over of real and imaginary anomaly line-plot 
along profile 4 indicates the presence of conductive zones at 
four major peaks which are at_ station distance 
80 m, 150 m, 250 m and 325 m respectively (Fig. 6) and the 
filtered real component map enhances these peaks. The highly 
resistant zones are also seen at station distance 100 m, 175 to 
210m and at 275 mrespectively. The highly conductive 
zones are interpreted as clayey soil materials, while the highly 
resistive zones are interpreted as dry sandy soil component 
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The VLF anomaly plot (in-phase or real and the quadrature or 
imaginary component) and current density cross - section for profile 3. 
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Fig. 5. 


Profile 5 shows two significant VLF anomaly which 1s an 
indication of two main conductive bodies around station 
distance 80m and 270m respectively both occurring at 
shallow depths. Apparent current density cross-section depicts 
a highly resistive zone between 100 m to 250 m extending to 
a depth beyond 60 m bounded by a dipping highly resistive 
body which is likely a faulted zone without fluids. This 
resulting anomaly is as a result of noise from the iron fencing 
and the building along this profile. The VLF anomaly, filtered 
real and the apparent current density map are displayed in Fig. 
if 

The VLF anomaly curves for profile 9 (Fig. 8) indicate the 
presence of two conductive features around stations distance 
160 m and 270 m. The apparent current density cross-section 
portrays both structures between stations 100m and 170 m, 
and 250 mand 300m and show that they occur from near 
surface down to 60 m. The zones are good prospect for ground 
water and the anomaly must have resulted from the clayey soil 
material down to the fracture zone within the basement with 
good potential for ground water accumulation. The area 
around 180m and 230m indicate a highly resistive body 
from near surface to depth beyond 60 m. The area shows the 
likely occurrence of overburden with dry and loose sand 
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extending deeper into the highly resistant basement. 
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The real and imaginary anomaly plots of profile 17 (Fig. 9) 
indicate the presence of multiple conductive bodies along this 
profile seen as positively peaked areas on the filtered real 
component. The zone with the highest conductivity point at 
125 m, in the apparent current density cross-section occurring 
from near surface to a depth of about 40 m and bounded 
by moderately conductive body is regarded as a ground water 
accumulated zone within the basement rock. The other 
fractured zone is at the station distance of 240 m indicated 
by a highly conductive structure which is regarded as ground 
water saturated zone within the fractured /faulted basement. 








Fig. 10. The 2D map of the filtered real component across the survey area 
with the traverse line superimposed, lateral (surfacial) conductivity and 
resistivity distribution is clearly observed. Pink is high conductivity; blue is 
low conductivity according to the scale. 


The filtered real data across the area was gridded to produce 
a 2-dimensional conductivity map of the study area (Fig. 10). 
Several factors controlling the conductivity of earth material 
include, porosity, permeability, metal contents (Sulfides), clay 
content, permeability and the degree of pore saturation. The 
map shows the surface variation in the VLF response of 
various lithological materials which give variations in the 
conductivity and resistivity across the survey area. It revealed 
that the study area is characterized by moderately to highly 
conductive zones with few resistive areas (low conductivity). 
The areas with high conductivity as are depicted in pinkish 
coloration and the area with low conductivity (high resistivity) 
are depicted in bluish coloration, and the others ranging within 
the average (green to yellow coloration). The areas with high 
conductivity response are suggestive as areas with conductive 
overburden material such as clayey soil, saturated soil, water 
filled fractures and faults or weathered zone within the 
basement. The other areas with low conductivity are 
interpreted to be the areas with dry, loose sand material 
without moisture. Outcrops observed during the field work 
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towards the eastern parts of profiles 7 and 8 and at the northern 
parts of profiles 10,11,12 and 13 account for the low 
conductivity (high resistance) values noticed at such points. 
This VLF EM survey has revealed some geological features 
with high conductivities believed to be fractured basements. 
An abandoned borehole sited at profile 3 fall within the area 
showing high conductivity which is an indication of a 
groundwater productive zone. Further investigation is 
required to determine the reason for poor productivity and 
water quality. Areas corresponding to profiles 4 and 6 show 
better high conductivity and could be an indication of 
groundwater potential. The central area of the survey site 
shows moderate to highly resistive zones with pockets of high 
conductivity portions. The high resistivity values are due to 
geological outcrops and buildings. 


V. CONCLUSION 


This study has revealed that the University of Abuja generally 
has good groundwater potential based on the current density 
distribution of the VLF data interpreted. 

The groundwater prospect of the study area is categorised as 
high (high conductive zones with current density > 30), 
moderate (with current density values between -20 and 25) 
and low (low conductive zones with current density values < 
-20). 

The north eastern, north western (profiles 1-8) and some parts 
of the southern region (profiles 16 and 17) of the study area 
show high groundwater potential while the central areas reveal 
a moderate groundwater potential zone. Due to the fact that 
one of the major factors controlling conductivity is moisture 
content makes it easy to use the VLF-EM method for ground 
water investigation. However, the filtered real map has given 
us a guide on the areas with high groundwater potential (high 
conductivity) where further investigations using other 
geophysical methods can be focused on to determine and 
interpret the geoelectric parameters of the subsurface. The 
findings from this study should be considered closely before 
embarking or commencement of any water project 

involving siting of boreholes in the study area. 
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